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1. Introdiction

The central theme of this project has been the study of various

aspects of the disease ecology of the Tacaribe group of arboviruses.

The Tacaribe group includes two viruses, JutuIn and Machupo, which have

been found to be the etiological agents of severe human diseases,

Argentinian and Bolivian haemorrhagic fevers. Other agents of the

group are Tacaribe virus isolated from bats and mosquitoes in Trinidad,

and Amapari virus known from rodents and certain of their ectoparasites

from an area north of the mouth of the Amazon River in Brazil. In 1965

the present investigators found another agent of this group near Cali,

Colombia, which they niamed PichindO virus for the mountain valley from

which it was first isolated. Since that time workers at the Middle

America Research Unit and the National Communicable Disease Center

have i.solated additional viruses of the group from Paraguay and Florida

(USA), although the descriptions of these agents have not yet been

published.

With the exception of iacaribe, these virisee have all been foo,,

to be associated with New World cricetine rodents and moat of the field

effort of the present investigators has therefore been directed toward

the collection of indigenous small mamals to obt:!,n materials for

virological and serological study. For the authentication of the

source of these materials, zoological study skins and skulls of

animals captured have been prepared and catalogued. Ectoperasites

associated with captured animals have also been collected and either

preserved for taxonomic study or processed for possible virLs isolation.
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These field materials have values apart from the immediate purpose

for which they were obtained: tissue specimens have yielded agents

other than Tacaribe group viruses; serum specimens have been and will

continue to be of use for serological study of the host and geographical

distribution and incidence of a variety of viruses and other pathogens;

mamal skins and skulls and ectoparasites are of use for taxonomic

study by specialisls in the various zoological and parasitological

groups represented.

It may be noted that it had been anicipated that this project

would be of three years duration, and th-t notification of its

termination was ieceived only two weeks before the end of the second

grant year. Thus there is presently a backlog of field materials which

have not yet been processed or otherwise sti-died. Also, because of the

thirty-day-deadiine for the submission of this report it must of

necessity be incomplete. However, we are proceeding with the laboratory

work up of material in hand and intend to submit supplemental reports

of significant findings as th"v become available.

Existing field and laboratory records and data have been for the

most part maintained either by units of work on a particular aspect

of the general probler or, in the case of long term activities, by

calend r year. 'Tor a more meaningful preaentation of result*, records

and data have been drawn upon for the periods relevant to each aspect of

the work being reported.

The work on this project was c nducted from two base Laboratories,
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the virus laboratory of the Departamento de Microbiologia of the

Facultad de Medicina de IA Universidad del Valle at Cali, and a

subsidiary laboratory, referred to as the "Bogota Branch Laboratory",

occupying facilities provided by the Instituto Colombiano Agropecuario

at Bogota. Activities based at Cali were conducted by D-'s. Carlos

Sanmartin and Harold Trapido while those at the Bogotl Branch Laboratory

were carried on by Dr. Ronald B. Mackenzie.

2. Studies of Pichinde Virus (Cali Laboratory)

2.1. Pichinde va'ley

2.1.1. Description of field study area

The principal field study area, the Pichinde valley (3c 25'N, 760 35'W)

lies within the Municipio de Cali, some 20 kilometers from our base

Labora.ory at the Universidad del Valle in Cali. The portion of the valley

fi m which host rodents have ccne lies between 1700 and 1900 meters in

elevation on the eastern side of the western cordillera. The valley is in

part occupied with small fincas where some coffee is grown as are various

fruits, vegetables and flowers for the Cali market. However, such of tht

valley is covered ith secondary forest resulting from the protection of

regenerating vegetation to conserve water for ze Cai water supply which

draws on the Rio Pichinde, and there is also qome primary forest along the

steep slopes beside the main river and in the cool moist tributary ravines

(quebradas). In the termnology of the Holdridge vegetation formation

system the area is transitional between Subtropical and Lower Montane Wet

Forest, or what is comonly termed "fog forest". The monthly cycles of
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temperature and rainifall at an obqervation station jstablished at the 1750

meter level are shown in Table I.

2.1.2. Materials and methods

Small mammals were captured using both Sherman and National folding

live traps, usually baited with corn and plantain, although a variety of

other baits incorporating particularly peenut butter and bacon were also

tried at times. Animals captured were held in cages over white enamel

pans of water up to five cr six days and ectoparasitic engorged trombiculid

mites and Ixodes ticks harvested from the water. Occasionally, other

ectoparasites were recc'ered from the water as well, but, usually, the

other ectoparasitic groups, including laelaptine mites, fleas, and

staphylinid beetles of the genus Amblyopinus were combed from the fur at

the time the animals were etherized for bleeding and/or sacrifice. In the

field, animal organs and ectoparasites destined for virus isolation attefipts

were held and transported either on dry ice or in liquid nitrogen. In the

lahoratory, these materials were stored in a mechanical low temperature

box at -600C.

Wild animal tissue extracts were prepared at an approximate 10% w/v

suspension in 10% fetal bovine serum in phosphate buffered saline, pH 7.2,

containing 500 units of peniciLln and 0.0005 g. of streptomycin per ml.

Individual arthropods and pools up to 100 specimens were triturated in

1.5 C of the ,-me diluent. Tisue or arthropod suspensions were

centrifuged for 30 minutes at 8,000 G in the cold (40C).
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YARU; Group Tacaribe, R-0058, YARU; Tacaribe, 42336, Trinidad Regional Virus

Laboratory; Junin, TC 250, YARU; Machupo, MAF 1.21900, Middle America Research

Unit (MARU), Amapari M. 42469, National Communicable Disease Center (NCDC).

2.1.3. Results

2.1.3.1. Isolation and characterization of the virus

All isolations ot Pichinde virus have been from the cricetine rodent

Oryzomys albigsiaris with a single exception, an isolation from another

such rodent, jhomasomys fscatib, which is ecologically associated ,ith

Oryzomys albigularis in the Pichinde valley.

On original IC inoculation, 2-day-old mice came down irregularly from

the 7th to the 18th post-inoculation day, but most often from the 8th to the

12th day. Not uncommonly some mice i the positive litters did Pot become

sick. On brain to brain passages ia infant mice the virus tended to bring

down the animals most frequently about the 8th day but some animals did

not becomw- sick until the 12th day and some survived. Passages were more

readily maintained by 1:100 suspensicmnh -f infant mouse brain than by the

1:L0 usualiy used .n this laboratory. Adult mice were refractory to IC

ard int-aperitoneal (IP) inocuiation.

On originai AO inoculation, 2-day-old hamsters ecsa]e sick or died

from the 6th to !5!h postinoculstion day, but mot commonly from the 7th

to the 12th day. only very i3rely were there survivors in positive

litters.
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Vero cells tnocuiated with -asseze m.aterial showed a clear cytLpathic

effect which began about the 11th day and was completed by the 6th or 7th

day. Original suspensions of known positive matertal were also fcund to

produce cytopathic *ffect.

To compare the effectiveness fnr virus isolation of the three systems

decral~ed above, 48 specimens of original animal mterials were processed

i.n paralel. Virus was isolated from the same two specimens in the three

systems; the remaining specimens were negative in all systems.

The suecss or failure in isolating Pichinde virus from brain, heart,

lung, liver, spleen, kidney, adretial, urine, serum and organ pools of a

series of 7 known psitive, naturatly infected Oryzomys albigularis is

shown in Tabie 2. The isolation method used for the orgons ", these

tr-,ais was IC inoculation of intant mice with an approximate [:10 w/v sus-

pension in fetal bovine serum diluent; the urine and serum of animal HTC-

1338 were also inoculated at the l:iO dilution while the other sera were

1 ncnuiated unadilutd.

in the case of some Oryzos albiguiaria shown to be raturally infected

by virus recovery from blood, throat swabs were also taken. While virus

was usually isolated from ruch throat swabs, it was noted that they were

sometimes tinged with red, resumAbly blooc, and it iAs therefore

uncertain whether these isoiationa were firom oropharyngesai secretions or

from blood.

The virus was readily filterable through Seitz EX pads, was found +o
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be sensitive to sodium desoxychoiate (3.25 log inactivated), and withstood

Jyophilization.

Complement fixation tests with crude brain antigens of infected

infant mice and immune ascitic fluids for A, B, C and Bunyamwera group

viruses were negative. The preliminary identification was done by CF

test in December 1956 when a low titer response (4/10) was obtained with

a Tacaribe group IAF; thare was no reaction with specific IAFs for

Tacaribe, Junin, Machupo or Amapari viruses.

In the homologous CF testing of the virus, 1AF and antigen titers

were 1:128 and 1:10-40 respectively. Using the locally prepared IAF,

neutralization of '.he cytopathic effect of the virus in Vero cells was

not observed. Hemagglutination did not occur at 37 0C in the pH range

from 6.0 to 7.4

The virus was subsequently studied by Dr. Patricia A. Webb in

N tests by the plaque reduction method. Included in her tests were all

known members of the Tacaribe group: Tacaribe, Junin, Machupo, and

Amapari, as well a8 Parand from Paraguay and Tamiami from Florida, the

descnptions of which have not yet been published. She found that,

"No reiationship between Fichinde and the other Tacaribe group viruses is

demonstrabie in these tests and Pichinde appears to be * distinct virus

iype". "zhe further coments, "However, the possibility remains that if

we had a hyperimm. serm w-*-tb a higher homologous N antibody titer,

some group interreaiti.-.hips might be uasasked".



The virus was reterred to Dr. Frederick A. Murphy of the National

Communicable Disease Center, Atlanta, Georgia for electron microscopic

study. Dr. Murphy succeeded in obtaining micrographs and advised us that,

"The morphology and mode of develop are identical to other Tacaribe

complex viruses we have examined".

While the virus could routinely be passed by IC inoculation of infant

mice at dilutions of 10 - i to 10 - 3 , with mice most frequently coming down

from the 8th to the 12th postinoculation day, it was noted that at the

10 "1 dilution there were consistently deaths of portions of litters within

24 hours postinoculation, suggesting there may be a toxic factor associated

with high concentrations of the irus in mouse brain.

The long duration of viremia in naturally infected Orysomys albiguaris

is illustrated by the data presented in Table 3. A series of 4 animals,

found to be viremic on first bleeding after being captured, were held alive

in the laboratory and bled at intervals until deati.. Virus was

consistently recovered from the serum of all animals until the time of their

death; in the longest surviving individual virus was recovered 455 days

after its capture. Urine specimer.s were obtained from I to 4 times from

each of these animals; in no case was virus recovered.

In preliminary serological study of sera of wild caught Or s

albigularis, it was found that 3 of 10 sera which were positive by CF

were from animals which were viremic.
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2.1.3.2. Field studies.

2.1.3.2jI. Small mammals trapping.

DEtail3 of the small mammals trapping program in the Pichindd valley

during 1968 and 1969 are given in Tables 4 to 15. The6e tables provide

infor-ation on when an how many traps were set at the various fincas or

quebradas in' the valley (Tables 4 and 5), the relative success in capturing

small mammals by month and trap type (Tables 6 and 7), the relative success

of the two trap types in capturing each species of small mammal (Tables 8

and 9), the numbers of each species captured during each month in relation

to the trapping effort expended (Tables 10 and 11), the numbers of each

species captured at each locality (Tables 12 and 13), and the numbers of

animals captured at each locality during each month (Tables 14 and 15).

Trapping was concentrated in forested quebradas which previous

experience had shown to be the favored habit of OryzoMX albigularis. an

enviroment in which small maamul population densities are low if the

trapping methods used can be as&:'med to be effective; oi all species, 1.6

animals were captured per 100 trap nig -s in 1968 and 2.0 in 1969 (Tables

8 ani 9). National live traps we-o about four times as effective in

capturing Orzso albigularis as Sherman traps, while the converse was

true of the smaller Thocrsor s fuscatus of which more than tei. times as

many were taken in Sherman traps than 'n the National traps.

Approximately one quarter of the animals captured were Oryzomys

alblularis; trapping success for this species was 0.;1 per 100 trap

nights In 1Q68 and 0.5 in 1969. In selectively trapping for Orysomys



allbiularis, the rodent species most frequently gotten in association with

it wis Thomasomv~ Jfuscatus of which approximately an equal number were

captired in 1969 and a somewhat greater number in 1968.

PichindO rodents noted as possibly pregnant at the time of capture

were held alive to conception in the laboratory. Also, some specimens

o C each of the commoner 6pecies were paired in the laboratory in a

variety of sorts of cages to determine if' laboratory matings and concep-

tions could be accomplished. It was possible to obtain laboratory

conception~s 41th four of the Pichind~f rodent species, including Oryzoins

albigularis, but not Thomasomys fuscatus. Data on field and laboratory

coniceptions, litter size ar-id birth weights are given in Tables '6~ and 17.

Laboratory born rodents were toe clipped for individual identification

and wt-ighed daily until the 100th day of life. Tile extenisive accumulation

uf data illustrating mean growth rates for each sex, and individual

variat ion in growth rates are extonsive and art, not presented here.

Kroru)lu-t ivV organs of Pichi ndr, rode~nts w*'re preserved at the time of

th i 1czi ic'- for fulure study of' reproductive patterne, in the varioiLs

.1.3.22. Virus isolations from small manimtls.

Prior to the period of' this report the only vertebrate trom which

iichind6 virus h~d been isolated was tht' cricetine rodent. Oryzomvs

aibli!Llaris, from which theure w"'re repe-ated isolations in all seasons ot

thv vc :ir. During 1968 therv were an additional 6 isolations trom -0
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Oryzomys albigularis. processed and in 1969 13 from 79. As before, the

isolotions were distributed throughout the year. During this two year

period 134 Thomasomys fuscatus were processed which yielded one isolation

of PichindO virus from an animal captured in November 1968. This animal

was from Finca Crpatos where the virus has been repeatedly isolated

from Oryzomys albigularis.

2.1.3.2.3. Ectoparasites.

Before this study was undertaken the small mammal ectoparasitc

fauna of the Western Cordillera in which the P-chindd Valley lies was

almost entirely unknown. Ectoparasite groups f,)und included laelaptine

mites, trombiculid mites, ticks, lice, fleas and stiphylinid beetles of

the genus Amblyopinus. With a view to the possibility that ectoparasites

might play a role in the transmI'ssion of Pichind6 virus, intensive

collections of ectoparasites ,ere made. At first the ectoparasites were

sorted to major groups and refirred to taxonomic specialists in each group.

-eports from these s9ecialicts have revealed the presence of a number of

new species. Some of the rQctoparasitic material is still under study and

only provisional names are awailable. A listing of the previously

described species, the new species, and the taxons provisionally code

riumbered is given in Table 19. With these identifications now in hand, a

definitive report on the host-parasite relationships of Pichind6 small

mammals is now being prepaired.

2.1.3.2.4. Virus isolations -'rom ectoparasites.
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Following the taxonomic studies it becante feasible to locally identify

ectopdrasites of most groups and these were then processed for possible

virus isolation by species, speciep groups or genus. The numbers of

ectoparasites and ectoparasAt- pools processed for possible virus isola-

tion during 1968 and 1969 are shown in Tables 20 and 21, together with

the hosts from which they were obtained. Isolations of Pichindd virus

from ectoparasites collected in 1968 and 1969 are listed in Table 22.

There were three isolations from pools of the laelaptine mite

Gigantolaelaps inca and nine from pools of the tick Ixodes tropicalis.

In the case of all 12 isolations, the ectoparasite host was 0yomys

albigularis, and in each case virus was recovered from the host as well

as the ectoparasite pool. In three instances there were multiple

isolations from ectoparasite pools derived from one host; two OryzoMs

albigularis each yielded positive pools of Gigantolaelapa ina, Ixodes

tropicalis nymphs and Ixodes tropcalis larvae, while pools of both

nymphs and larvae of Ixodes tropicalis from a third 0. albigularis were

also positive.

Early in the work, ecto;Narasltes were pooled and held at -600 C at

the time they were recovered from their hosts. It was therefore

equivocal whether vinib isolations were from host blood in the arthropod

gut, or the arthropod tissue itself. Later, the two ectoparasite

species from which there had been virus isolations were held alive for

several days after removal from the host. During 1969 two of the virus

isolations from Ixodes troPicalis were from specimens which had been

held alive at ambient temperatures for five days, and two for eigh't days
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before being pooled and held at -600C until processed for virus isolation.

These periods are sufficiently long to have permitted considerable

digestion of host blood and there is therefore some suggestion that these

isolations may represent infection of he ticks.

2.2. Laguna de la Cocha area, Narifio and Putumayo.

Tn My 196d, a two oeek field trip was made to laguna de la Coc'a,

a Lake at a,, elevation of 2,700 meters in the Department of Narifio near

the Lecadorian border in the CentraL Cordillera about 300 kilometers south

of Cali and Pichird. Collections were made in forested ravines and

hillsides rising above the Lake shore, and also in residual forest patches

to the east, accessible from the road across the Cordillera from Pasto

to Puerto Asis in the Amazon drainage. These forest habitats were

somewhat higher (2,700 to 3,100 m.) than previous collecting areas at

Pichind6 but it was thought they would be suitable for Oryzomys albigularis

as specimens havp been recorded at elevations above 3,000 meters in

Ecuador. Details of trapping ,ffort, trapping sIcc,.Ss, and niumb(-r, arid

-,, ird: ni lml nmmal cap.ttird are given in Tables 23,23a, and 24.

Whili, ovorall trapping sLc'cess waF of approximately the same order as that

exwii oefed in oth-r fog torz st localities,' ti ltp. lt-Ci "s compos' it i o was

d isap It i rig. (f 5.4 small ivmmals captured in 3,508 trap nights, only

one wa ',rio,;s abigularis. The bulk :)f the 'ollection. 4o of 54

,ti t i tak, ik ', rhxmasomys cinerviventer a speci .es previs ao'ly taken

i, a."aI iat :.th 0. albigularis at oe latikrs of 1.900 to 2,500 meters

at Muchiryti,. lot absetit at thc luwe el.vatioos isaially trappod in the
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Pichind6 valley. PichindA virus was not recovered from organ pools of

any of the La Cocha area animals processed, although this was not

unexpected as there was only one 0. albigularts.

2.3. Guatap6, Antioquia.

A second probe to attempt to extend the known range of Pichind6

virus was made in March 1969; this was to an area toward the northern end

of the Central Cordillera near the town of GuatapL, in the Department of

Antio(tuia, where a dam construction ad hydroelectric project is in

progress. Roads maintained for the construction project here gave

acccss to relatively undisturbed fog forest at elevations at or near

1,900 meters. thuught suitable for Oryzoeys albigularis. Summaries of

trapping effort, trapping success, and small mammal species captured are

given in Tables 25,26 ane 27. Of 39 small mammals taken, eight were

Oryzamvs albigularis; Pichind virus was isolated from two of these, and

krom iione of the animals of other species processed.

Th t,- > r ,slts i:stab501 the occLrr'nce of l'ichind6f viruI in the

Cionl r Crdi ilera ,3omt, 350 ki jmters north of Pichind6 and Call, and

further Cur, irm the asso -iatioit tit the virus ith 0U yz".ys albigularis.

2.,4. Attempts to determine -ossible human involvemert.

Thus far, Pichindt virus has been isolated only frow rodents and, in

a fI,, instancv., from associated ectoparasitic arthropods. In the attempt

to Lelate the virus to possihle human infection, sera were collecteO from

humans w )se activities place them in close association with forest
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dwelling rodent populations known to be carrying the virus. One was a

group of 37 persons resident on small fincas interspersed with forest in

the Pichind6 valley, including school age children, and another

was a group of 45 laborers engaged in clearing forest in the basin of

the Rfo Nare dam project near GuatapO in the Department of Antioquia.

As immune fluid produces no neutralization of cytopathic effect in Vero

cell tubes and Pichind6 virus does not produce haemagglutinins, these

human survey sera were tested by CF. (Antibodies to viruses of the

Tacaribe group have been demonstrated by the plaque reduction method in

other laboratories, but this tr-hnique has not been available at Cali.)

In the CF teats used, the initial dilution of sera was 1:8. The 37

Pichind6 sera were all neg-tive. Of the 45 Guatape sera, one fixed

complement in a dilution of 1:16 another in a dilution of 1:8 and a third

showed traces of a reaction. Tf these results, which appear to be

specific, can be ,oonfiraeu by other serological methods, in particular

the plaque reduction test, this would be the first indication of human

infection by Pichindf virus.

,,.5. Discussion and Summarv.

PichindA virus was first isolated in 1965 from specimens of the

cricetine rodent Oryom. albigularis captured in the Pichind6 vallv of

the Western Cordillera of the Andes near Call. In the intervening yi-ars

the virus has been isolated from approximately 15 to 30 porcc-nt of the

animals of this species from the Plchind valley. 1%ith the exception of a

single isolation from the rodent ThomaspMs fuscatus, which is ecoiogically
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associated with g 4 niarii in moist, cool forested moontain quebradas

at altitudes of 1,700 to 2000 meters, all isolations of the virus have been

from the latter species.

In a probe undertaken before the period of this report, the virus was a!so

recovered from Oryzomys albigularis captured at Munci, qie, a locelity in the

Western Cordillera about 100 ,:lometers south of Cali. In the attempt

extend the knon geographic range of the virus further south, small M-- aks

were collected in the -,"'nity of Laguna de La Cocha, near the Ecuadorian

border. Only one 2ryzorns albigularis was gotten and virus was not recovered

from it. In another field excursion to the vicinity of Guatap6 near the

northern and of the Central Cordillera, about 400 kilometers north of Cd'i,

the virus was recovered from two of ten OryzoMys albigularis captured.

The considerable octopara~ite fauna of OryzoMys albigularis and

as:-ociated small mammals includes laelaptine and trombiculid mites, ixodid

ticks, fleas, amblyopinids, and uncommonly, lice. These have been studied by

taIononmic specialists in the various groups and a series of new-: necies

described. PichindO virus has been isolated from the laelaptine mite.

Gigantolaelaps inca, and the tick, Ixodes tropicalis. In all casep the viruis

isolations have been from specimens removed from Orvzomys albiguiiaris hich

were also infected. There is evidence of the virus persisting in lxod:s

tropicalis for at least eight days after dropping off a vlremic host.

|'ichiAod virus has been shown to be related to, but distinict from,

other viruses of the Tacaribe group. The viremi in naturally infected

Oryz(oys albigularis is prolonged, virus having Len recovered consistent ly ,it

intervals up to 455 days after capture of the host. While virus has bern

recovered from urine removed from the bladder of infected Oryzou i t: ari-

at the time of sacrifice, viuria In *,nimals with prolonged viremia was not

observed.
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3. Explorstiors for Tacaribe Group V.ruses in Eastern Colombia,

(Begota Branch Laboratory).

3, 1 Vertebrates collected

Of the 2,130 vertebrates collected a majority were small rodents and

Trsupials which were captured in National livetraps*. These wire mean

traps measurtid 6 x 6 x 12 inches and could be collapsed for carrying.

'They were. usually set in lines transecting a variety of habitats, and

bpaces about 10 ieters apart when an area was being trapped for the

firs' time. Tre a were then frequently shifted to the most productive

habitats as experience dictated. Occasi na2. traps were placed on logs

and tree branches, but most frequently they rested on the ground, While

most of the trapb were those described above, a few aluminum traps

measurirg 3 Y 3 x 9 inches** were also used. They were more productive

in certain h-'itat! .

Several baits were tried, including peanut butter, cereal, meat. and

mixt es of these, but sliced plantain was the most useful from the

cor.,',;iied standpoint of ready avaiiability and effectiveness.

TabLe 29 shows the legree of effectiven .ss of animal trapping by

sites aJ months of the year. Pr;-cise records of the number of traps set

were not ointa ned previous to September l9o8 as they were subsequently.

Howe.. r a reasor:ible estimibte has been made based on records and experx,-nce.

National Livetr7D Co.. Tomahawk, Wisconsin

** !.B. Sherman, Deland Florida.

I'-
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The field team was headed by a Jingle person throughout the study and

marked changes in effort or methods probably did not occur. Field

workers received an additional monetary reward for animals captured

or killed. This was found to be desirable since some animals could never

be trapped and could only be taken by night hunting, at times neces-

sitating round-the-clock work by the field team.

Generally, in the Ilanos, fewer animals were taken per unit effort

during the dry season months of January through March; whether this was

because of population declines or dispersion, or a consequence of other

factors was not estabished. Small animals appeared to be more abundant

in the fertile, hiher rainfall areas close to the morntains than in the

relatively virgin, less fertile savannas to the east, where a certain

amount of agricultural development has already taken place over a period

of years. il:uding the improvement of pastures and the planting of rice

and cotton. Whether the apparent reltive abundance of small vertebrates

(principally rodents) in these areas is due to, or coincidental to, the

agricuitLe and the "iman habitation can only be speculated upon. We

found no indication of invasion of non-indigenous species.

In most cases trapping wa8 done on targe ranches, frequently engaging

ranch personnel as field helpers and guides. A sheiter or buiLding was

usually arranged for at the ranch where the electric generator, ceririfuge,

balance, gasoline stove (for boiling instruments), and portable work table

were set up. Trapped animals were brought tj this field station alive and

held for a few hours (but occasionally more than a day) until they could
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be anesthetized with ether, bled from the heart and sacrificed. If

quantities of blood were very small an amount of sterile unbuffered saiine

was added sufficient to reeult in a serum dilution of 1:2 or 1:4. Coagulated

blood specimens were centrifuged, placed in screw-capped vials and kept in

liquid nitrogen (N2 ) for transportation to the Bogota laboratory. Organs

were removed using boiled instruments, and placed either i- sterile

screw-capped vials or plastic-lined aluminum foil envelopes and also carried

to Bogota in liquld N . Details of their subsequen* processing is described

under section, 3.2. Virus isolations.

For certain larger animals such as capybara and deer, and those which

do not readily enter traps on the ground, the initia. procedure was often

different; the animal usually were shot, bled immediately from the heart

with a syringe and then carried to the field station for subsequent

procurement of tissue samples.

In most zases detailed measurements and weights were recorded aiong

with habitat descriptions. The skull, scapula and humerus of each small

mammal were carefully cleaned, bleached with hydrogen peroxide and numbered

with india ink; the skins were labeled and treated with borax. SKins and

skulis were used for definitive identification and taxonomic study, and

.hen stored as a permanent record, avail-ble for future study. Ail

pertintnt data regarding the capture, description and idenrity of each

animal are now being entered 'nto an electric data processing system which

will facitate subsequent analysis.
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3.2. Virus isolations

Through April 30, 1970, a total of 2,130 feral animal were captured,

chiefly by live trapping. Of these, 183 were taken ir the Departamento

del Valle and processed in the Cali laboratory. Although some changes in

metho a ogy were made during the course of the study, the following

tis,:,es werp usually taken: salivary gland, heart, lung, liver, spleen

and kidney. In some cases, identical organs of different animals of the

same species were pooled, in others the organs of a single animal were

pooled, for processing. Tissues were triturated in phosphate buffered

saline (PBS), either with 10 percent normal fetal calf serum or 0.75

percent of F -action V, bovine plasma along with antibiotics. Suspensions

were centrifuged at 5,900 G for 10 minutes. Though sucklinp hamsters

(SH) were occasionally used, moat tissue suspensions were inoculated

into 2-4-day-old suckling mice (SN) by the intracerebral (IC) and

ir.traperitoneal (IP) routes, each animal receiving a total of 0.0o ml

ct Tnocuium. Animals were checked deAily for 21 days and those which were

sick or suspicious were harvested for subsequent IC brain passage at

dilutions of 1Ol and 10- 2 .

Throat swabs were also collected using sterile cotton-tipped

appiicators which were iiwrsed and held in PBS. Throat swabs were

inoculsa" , either singly or in pools of 2 to 4, in the manner described

for the tissues suspensions. Throat swabs and orga,. about 500

animals still remain to be processed.

Of those processed to date, 14 strains of presumed virus have been
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isolated; data regarding them are summarised in Table 30. Of the first

6 straint itemized, none have yet been identified. Two are from

separate organs of the same animal (RBM 0320, Dasyprocta fuliginosa) and

appear to be identicdal. Preliminary work would suggest that none of the

agents are members of the Tacaribe group. Strain BoAn 21-03-45 which

was isolated from the spleen of Proechimys guayannensis, is of special

interest. It reacts to high titer in complement fixation (CF) test with

Venezuelan equine encephalitis (VEE) immune ascitic fluid and is

tentatively identified as VEE virus. Reisolation from spleen was succes-

sful, while the throat swab as well as suspensions of salivary gland,

heart, lung, liver and one kidney of the same animal were negative. The

serum has not yet been tested. Collecting Site 22, where the animal was

captured, is at an altitude of 520 m. in an area which has neither been

known to be endemic for VEE virus nor had a history of a VEE epidemic.

The area is sparsely populated but is undergoing rapid agricultural

development.

Also of interest are the 3 strains isolated from throat swabs taken

from 3 Thomaomys rodents all trapped on July 1, 1969 at Site 2;, wh.,ch

is located about 30 km. south of Bogota at an attitude of 2,700 meters.

The isolations all react t, high titer with VEE virus immune souse

ascitic fluid and tentatively are considered to be VEE virus. These

isolates are of particular interest because of the altitude at which they

were made, and because there has been no suggestion of endemic or

epidemic VEE activity in that region. However, it should be iioted that

the first isolation of VEE virus in Colotbia, reported in 1942, ;as from
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a horse from the Bogota savanna.

Two other8 isolates deserve comment, BoAn 21-10-34 and BoAn 20-65-98,

both of which reacted to high titez with vesicular stomatitis, type New

Jersey (VSV-NJ) reference serum; one is from a pool of livers from 4

Proechimys guayannensis and the other from a suspension of viscera from

a common opossum, Didelphis marsupialis. They were captured at the 2

Sites 19 and 20 during the months of June and July, 1968. The suspensions

were inoculated into SM on November 14 and 6, 1968, respectively. In the

case of the inoculated opossum tissue, all SM were dead or dying on 2Se

3rd post-inocuiation day. Of 8 SM inoculated with po)oled Proechimys

liver suspensions, I was missing in 24 hours while 2 were dead and the

remaining 5 were sick. Three sick mice were harvested for passage; the

remaining 2 sick mice recovered and lived until they were sacrificed at

24 days of age. Seventeen and 22 month after the capture of the animals,

reisolations were tried, but were unsuccessful. However, it should b,

mentioned that during that icterval refrigeration failures resulted in

temperature changes which were unfavorable to stored specimens.

As may be seen in the section discus-ng vesicular iomatitis (VS)

serology, 29 percent of ali wiid animals tested from Site 19 had VSV-NJ

neutralizing (N) antibody while the frequency was Ui Percent at Site 20.

The N antibody rate among Proechimys at Site 19 was 55 percent. In view

of this serolog-cal evidence of high VSV-NJ activity among small wild

mammals at sites L9 and 20, and the rapidity with which inoculated SM

became ill and died after inoculation with origxnal material, it is not



-24-

'nareasonable to believe that the isolations of VSV-NJ from members of the

g wera ProechiMys and Didelphis were valid, in spite of failure of

reiaot~ation.

We expect to continue work with these agents and eventually to identify

all of them. Some of the above findings are of extreme interest, and

follow-up work might well coQntribute to the knowledge of the natural1

history of the New Jersey type of vesicular stomatitis and or Venezuelan

equine encephaliti-s; both,being agents which are known to be ot importance

in veterinary human an~i public health.

4. Vesicular Stomatitis Antibodies Among Domestic and Wild

Animals of Eastern Colombia. (Collaborative Studies of

the Boxota Branch LAboratory with the Middle America

Research Unit).

4.1. Introduction

Sera of wild animals which were captured in the stud) have proven

useful not only in the study of Tacaribe group virues, but of other viral

.igents as well. Micro--serological methods make it poesible to study

antibodiesa in minute quantities of sera, thus rendering any sera collected

more valuable.

This section deals with the use of some of th(. wild animal sera, along

with domestic animal sera, in the study of another viral disease known. to

effect both domestic animals and humans, vesicular stomatitis (VS).

Veaicuiar diseaaos constitute a major disease problem of the cattle
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a-J swine industries of Colombia. Of vesicular disease outbreaks, 15 to

20 percent are due to VS, either of the New Jersey (VSV-NJ) or Indiana

(/SV-Ind) serotypes; the remainder are due to foot-and-mouth disease.

Colombia is in an extremely rapid phase of agricultural growth, which

includeq the development of a cattle industry in the great plains areas

of Boyaca, Arauca, Meta and Vichada, as well as on the North Coast.

Vesicular stomatitis outbreaks have been reprted from all of these areas.

The Middle America Research Unit (MARU) of the U.S. Public Health

Service, Canal Zone, Panama, has had an izterest in, and has refined

techniques for the study of the natural history of the vesicular stomatitis

viruses. In an effort to learn more of VS natural history, some of the

wild animal sera collected as a result of this study, as well as domestic

animal sera, were tested at MARU under the supervision of Drs. Robert

Tesh and Karl H. Johnson.

4.2. Study area

With a few exceptions the sera for study were collected in the

Comisaria of Vichada and the Departamentos of Meta and Boyaca, Colombia,

from dornestic bovines and equines and from wild manals and reptiles,

between December 1966 and August, 1969. Exceptions are 23 animal and bird

sera -From the onteria area in the Department of Cordoba and 6 adult

hunman sera from Site 23 in Meta. The locations or the collecting sites

are shown on the accompanying map (rig. 3); with the exception of

Konreria, all were iceated either in or adjacent to thp. foot-hills of the

Eastern Cordillera of the Andes on land which was once forested, but which
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has now been cleared for cattle raising or agriculture, or in the "Lianos

Orientalse " , which are extensive natural savannas broken mainly by patches

of gallery forest or palm swamps.

While a few wild animl sern were collected at an altitude of 1,500

moters (Site 4), most were from altitudes tetween 200 and 600 meters, and

in areas which are characterized by distinct dry a- 4 rainy seasons.

4.3. Collection of specimens

Smll wild animals were live-trapped on the ground, and taken to a

field station where they were bled and the serum separated. When serum

quantities were mall, sterile saline was added, and the dilution factor

recorded. Larger wild animals were shot arid bled imediately from the

heart, in which case the whole non-refrigerated blood was taken within a

few hours to a field station where saa were separated. Skins and skulls

of feral animals ,are prepared for definitive identification.

One hundred- ixty-five bovines from 7 different herds were bled

as well as 177 equines from 11 different farms. An attempt was made to

obtain representative saples of the equine and bovine populations by age

group. Ages of cattle were based on owner estimates and of horses by

dental examination.

4.4. Antibo", det.ergsmations

VSV and Cocal antibodies were measured at MARU by a modified plaque-

neutraliation (N) test using Vero cell monolayer cultures. Procedures
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of this test and methods used to prepare cell cultures have been described

previously. The New Jersey serotype used in this study was Panama 3566,

isolated from a bovine teat lesion during a vesicular stomatitis

epizootic in Panama in 1961. The VSV-Ind used for testing was BT-78,

originally isolated from Panamanian sandflie in 1959. A sub-type of the

Indiana serotype known as Cocal virus was originally isolated in Trinidad;

the original prototype strain of that virus, TRVL 40233, was kindly

supplied by the Trinidad Regional Virus Laboratory and used for these

tests.

Following beat inactivation at 56 0 C for 30 minutes, all sera were

initially tested at a 1:16 dilution against the 3 viruses; plaque

reduction of 95 percent or more was recorded as a positive test.

In testing wild animal sera at ?ARU, it had been observed that

certain species have nonspecifiL, plaque reducing substance to VSV-NJ and

that kaolin treatment of the sera removes these inhibitors. For this

reason, wild animal sera which produced 95 percent or more plaque reduction

of VSV-NJ were retested at 1:16 dilution after kaolin extraction. Orly

those sera positive in both tests were recorded as having specific VSV-NJ

antibodies.

In testing serum specimens of lAborato-y animals (spiny rats, mice

and guinea pigs) experimentally infected with VSV-I[. and Cocai viruses,

I4ARU workers observed that these animals regularly doveloped high levels

of neutraiizing antibodies to the homologous virus and occasionally

demonstrated low levels of antibody to the heterologous virus. For this
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re~son, all sera which ware positive to both VSV-Ind and Cocal at the 1:16

di±lution were subsequently titrated against the two viruses in the plaque

neutralization test at dilutions of 1:16, 1:32, 1:128, 1:512, 1:2048 and

1:8192. The virus neutralized by the highest serum dilution 's

interpreted as the specific infecting agent for pxposes of Tables 31, 32,
0

33; a few sera had equal titer6 to VSV-Ind and Cocal anI were recorded as

positive to both agents in these tabl's.

4.5. Results

4.5.1. Feral animals

Tables 31, 32, and 33 show the prevalence of neutralizing antibody

for VSV-NJ, VSV-Ind and Cocal virus among wild animals by collection site.

VSV-NJ and Cocal virus antibody were each found among 7 percent of all

animals tested, while VSV-Ind antibody was present amongh only 3 percent.

While VSV-NJ antibody appears to have been widely distributed among the

species tested, rocal virus antibody was found chiefly in only 2 species,

Proecliimys guayannensis and Didelphis marsupialis. VSV-Ind appears to

have involved several species, especially members of the genera Oryzomys,

Harmosa, Philander, and Dideiphis. While VSV-NJ and VSV-Ind antibody

appear to have been present at most collecting sites, Cocal virus

antibody seemed to be concentrated along the base of the Andes.

Figure 4 shows the proportionate number of domestic and wild animal

sera among which N antibody to VSV-Ind andGr Cocal virus was demonstrated

at a dilution of 1:16 or greater. While the relative amount of "overlap"
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was about the same among wild and domestic animals, there was a tendency

for VSV-Ind antibody to appear alone among bovines and equines; on the other

hand, Cocal antibody tended to be found alone among wild animal sera,

No vesicular stomatitis group antibody was found among the sera

of 23 wild vertebrates captured in the Department of Cordoba. These

inciuded .Ameiva so., 4 Zygodontomys brevicauda, 7 Rattus rattus,

2 Heteromys sp., I Alouatta senicuius and 8 bridd tentatively identified

as cattle agrets,

4.5.2. Domestic animals and humans

Sera from 342 bovines and equines collected close to or in thr Andean

foothills were tested and results by age are shown in Tables 34, 35, and 36.

Overail rates of VSV-NJ and VSV-Ind antibody among these domestic animals

were consisten -ly several times higher than amongh wiLd animals in the same

generai areas. For these same a agents, rates am)ng horses were consistently

higher than among brvines. In corntrast, Cocal -;ntibody r,:tes vm-

domestic animal more nearly approxymated those of wild aniwals and there --aR

little difference between the rateR in equines and oovines.

Though ag, dependewee is not readily apparent, different Patterns of

antibody acquisition my be seen for equines and for bovines. Discounting

animals less than one year of age, which could be circulat ng mazern- ty

acquired antibody, prevalence among horses increased 3teadily with age,

whereas rates umng cattle reached a plateau within the first 2 or 3

years of life.
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Of the 8 human sera from Site 23, 6 demonstrated N antibody for VSV-NJ,

4 for vSV-Ind and 2 for Cocal virus.

4.6. Discussion

It is likel' that the VSV-NJ results are interpretable. No major

VSV-NJ sub-types are known and there is no reason to believe that +he N

antibodies encountered in these studies are not specific. Such being the

case, it appears that VSV-NJ ia rather broadly distributed in the ilanos

and "oothills of easterii Cclombia. Antibody was found among one third of

the wild species tested, including those which are wholly terrestrial

(Proechimys gayannensis and iectoys squamipes). Few strictly arboreal

animals were captured.

The absence of VSV-NJ antibody among 23 wild vertebrate sera (includ:ng

8 birds) from the Der-rtamento de Cordoba (Site 24) and from near Pto.

Carre,)c (Site 25) is interesting. Though in either instance the negativity

might be the result of a emall sample size, it is worth commenting that

sera from bovine and equl ee from Site 24 showed VSV-NJ antibody levels of

about 50 percent among an.mals 4 years of age and almost 100 petcent among

animals 8 years of age (in another study), indicating significant V$V-NJ

&cti ity. Wa have not yet tested domestic animal sera from Site 25 for

VSV-1J antibody.

'The interpretation of VSV-Ind and Cocal virus N testing results is notIeasy. There appear to be a disproportionat( number of sera which react with

both VSV-Ind and Cocal antigens. In many cases the titers were either

the same or diC-ered by oniy i or 2 dilutions. These observations, along

*?
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with the knowledge that at least 2 other VSV-Ind sub-types ex4 st east of the

Andes ("Alagoas" in Brazil and "Saido" in Argentina) render these resulte

difficult to interpret; one can only say that there appear to be at least

two Indiana sub-typeb active in the Colombian foothills and Ilanos, and

they appear to differ in their epidemiology. Studies in Panama by MARU

scientists suggest that only one sub-type of the Indiana serotype exists

in Panama and Central America, and furthermoi e it would appear that VSV-Ind

there is naturally transmitted by 3andflies which are members of the genub

Phlebotomus. Serological studies there would indicate that VSV-Ind infects

arboreal more frequently than terrestrial mammals. Work in Trinidad on the

other hand, would indicate that the Trinidadian subtype (Cocal) of the

Indiana type of VS virus has a basic cycle which involv-; terrestrial

rodents.

Is it true that there Is a spectrum of serological variants of the

Indiana sexotype east of the Andes and oniy one to the west and north-

Woaid this imply that the original Indiana serotype evolved east of the

Andes and that several sub-types subsequently evolved, each with its own

distinct cycle in nature, and that only one of the subtypes "escaped"

across the Andes to the west and north? It is likely that answers to these

questions will come only with the collection and study of addition l iocat

strains and further serolcgical testing,
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Figure 3 ANIMAL CAPTURE LOCALITIES,
BOGOT~A BRANCH LABORATORY.

For key to numbered localities

see Table 28.
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Table 1

Pichindd, Finca Brisas del Valle, Alt. 1750 mi.

Meteorological Summary. Three Years (1967-1969)

Temperature (00) Rain

Rain- No.of
M4ean Mean Absolute Absolute fall Rain:

fa* min. Mean SaX. min. (M.) Danys

January 23.6 13.9 18.7 26 10 79.0 14

February 23.5 13.9 18.7 26 1I 77.8 18

Merch 24.2 13.8 i9.0 27 11 13.0 16

April 23.8 13.5 18.7 26 11 260.5 21

my24.3 14.0 19.2 27 11 256.0 19

June 24.3 13.6 19.0 27 12 148.0 18

July 25.1 13.6 19.1 30 1.1 81.8 11

August 25.2 13.8 19.5 29 12 88.3 9

Stebr 25.0 13.8 19.5 30 11 96.0 12

ctober 23.2 13.4 18.2 27 11 210.3 24

Nov'ewr 23.0 13.6 18.3 26 12 152.5 18

Decber 23.5 13.4 18.7 26 11 89.0 1s

~AITL 24.1 13. 7 118.9 1652.2 193



Table 2

Distribution of Pichind6 Virus in Seven Virus Positive

oryzomys albigularis

Field r
No.(HTC) r- 4 -

1338. ND + ND + + + ND + + ND

1341 + + ND + + + ND ND + ND

1376 + + ND - - + ND ND + ND

1377 - + ND) + + + ND ND - ND

1379 + - ND - ND MD + ND

1395 + + + + + + ND + +

1396 + + + + + + ND + +

+ = virus positive; - = virus negative; ND = not done.

Organ pools included heart; liver, spleen and kidney.
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Table 16

Biometric Data on Laboratory Conceived
iUtters of Orysomys albijularis
(Parent Stoc from Pichnd6)

Birth Weights

Males Females TOTAL

humber Butr 29 36 65

Mean Birth Wt. (gums.) 5.2 5.1 5.1

Min. Birth Wt. (grs.) 4.2 4.1 4.1

Max. Birth Wt. (gra.) 6.0 6.0 6,0

Utter Size

NO. in Litter 1 2 3 41 5 i6 TOT
i Litters

No, of itters 9 4 22
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Table 18

Pichindg. Virus Isolations from Vertebrates

Nu,..er Positiv3/Number Processed

Oryzomys Thomasomys
albigularis fuscatus

1968 1969 j 1968 1969

January 1/8 3/15 0/6 0/0

Februarv 0/3 2/9 0/1 0/0

March 1/3 0/0 1 0/11 0/0

April 0/5 11/4 0/0 0/1

May 0/0 0/1o 0/1 0/22

June 0o 0/5 0/0 o7l

July 0/2 2/21 0/0 0/13

August 1/9 0/0 0/0 0/0

September 1/6 0/3 0/10 O/11

October 0/4 i/ 0/20 0/7

November 1/4 0/0 1/4 O/,

December 1/3 4/1 0/6

TtAL 6/47 13/79 1/59 1/7s

NB. Virus not isolated from other speciee processed.



Fable 19

Identifications ot ectoparasites from Small Mamzmals

-- Local-ity

0 1
Species

wxde ticksV s

Secaie x

GIgaoaeia 2inca + + 1+ +

Gigantoiaeiaps woTfsohni + +
__________ap ______oi sp n

Gigantola-elaps spp +Tsp +.
Mysolael~ps parvispinosus + - +
Mysolaelaps hetrychusi + + +
Mysolaelaps app. +
T._laa castroi
Lae P __ Or + + +

Laelaps sp. 7 +
Laln c p. 4 +1
Laeiaps sp. near castroi + +
Laeiaps sp. 5 near pilifer+

easspp. 1+
Eurachyaeia:s rotundus+

_______alap sp. +

Trombicuiid mites

Trombicuia dunni 1+
Tromi,ula n~ear dunm +

Tromibiua almae- 1+
~~Trm ia aT en t a ta +
Trombicuia sp. +
Eutronibicula goe i +

Eushongstia f.oei I+
Eusjhoeagasta pichindensis sp. n. + I+
Eushoe-nastia Srpdip. n. +

uegat a paIra e 1+ I
-EucWq-ngatasp. +

Pseu chengatiabulbifera+

Pbedob 5ongastia P~p. +i

Foneci (araca manueli I
________ tricosus +
Palyiopadiurn tertium op.* n.K Hoffmnnina p., near isdlvi4



Table 19 (continued)

Identificati-ons of Ectoparasites from Small Mammals

Locality

0

0 C 04j MU Q

Species -9 8_____ ___

Intercutestrix tryssa

Trombiculid spp. ++ +

Cheianops columbicus sp. n. +

Amblyop' ninni bceetlec

Amloiu emriau + +
Amioins3iic2~atus, sp. n. ++
Iypnswtru~ + +

Amloinustrapdo I s p. n . + + + + +
!Zypnssp + + + +

Siphonaptera (Flo-as)

Polygenis th urrna,-i +
Poiygenis rao: +
Polygenis bo 'hi boh isi +
Polygenis unn+ 4
ioolygenis roberti beebei I+ f+
Neot~hiceras rosvnTbergi + + +

Xenoopsyliaus coombianus sp. n. +

Cleo 8 118 monticoia + ++
Pleochaetl s smiti 1+
Plocop yla Thor +~ +
BasPS-YAIUf gallinulae perpinnatur I +
S-heYntopayi.La tolmera +

?leocliaetis apollinaris II+
Cteiicsomus rex +
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Table 22

Pichindf. Virru Isolations from Ectoparasites
196 8-1969

Host Pool Ectoparasite No. Species Date Host
No. No.

(HTC-) (Ar.) Species in Pool Capturcd

2234 9663 Gigantolaelaps inca 8 Ad. 8 Mar. 1968

9666 Ixodes tropicalis 7 NN " " "

9667 Ixodes tropicalis 7 LL " " "

2788 11628 Ixodes tro alis 12 NN 13 Sept.1968

11629 Ixodes tropicalis 20 LL " "

2865 12900 Ixodes tropicalis 4 NN 28 Nov. 1968

294C t['A.r% _ 1. exodes trwa II LL 2R An-. 196Q

L3552 Ixodes tropizalis 5 NN " "

13945 GigantolaeLaps inca 10 Ad. " " "

3230* 14083 Gigantolaelaps inca 14 Ad. 23 July 1969

3380 14902 Ixodes tropicalis 11 LL 24 Oct. 1969

3428 15087 Ixodes tropicalis 5 NN i0 Dec. 1969

Ad. = Adults; LL - Larvae; NN = Nymphs

* Under study.
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Table 25

Goiatap#, Antioquia

Trapping Effort

Maerch, 1969

Trap Type ITOTAL

12t Sherman Trap

Locality INightai

Gampemento Miraflores (1,900 1.) 457 I 703 1,170

Sta. Rita (1,88n mi.) j 654 436 1,090

Total trap nights I,111 1,149 2,260
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Table 28

Bogota Branch Laboratory, Collecting Sites of Vertebrates.

1967-1970.

(See map, Figure 3)

1. Hdas. La Maria, Valdivia and Nabole.
Savanna and gallery forest; alt. 300 m.; 72°151W x 3°50'N.

2. Hda. Ponteadero.
Savanna and gallery forest; alt. 500 m.; 72°58'W x 4°S'N.

3. Hda. Santa Clara.
Savanna E.id gallery forest; alt, 500 m.; 73035'W x 406'N.

4. Hda. Bueravista.
Foothills, forested; alt. 1,080 m.; 73040'W x 4010'N.

5. Hdas. ranam, San Antonio and La Libertad.
Savanna and gallery forest; alt. 500 m.; 73 30'W x 40 5'N.

6. Finca Monte ktdondo.
Foothills, forested; alt. 1,400 m.; 73°58'W x 4°12'N.

7. Hdas. Muriba and El Lob(
Sa-3nna and gallery fore- alt. 250 m. ; 70040'W x 50 2'N.

8. Hato Las Margaritas.
Savanna and gallery forest; alt. 250 m.; 70°35'W x 5°2'N.

9. Hato El Porvenir.
Savanna and gallery forest; alt. 220 m.; 71022'W x 4045'N.

10. Ha*D Carimagua.
Savanna and gallery forest; alt, 250 m.; 70 12'W x 4°40'N.

11. Fine& Neblinas.

Savanna and gallery forest; alt. 300 m.; 72006'W x 4020'N.

12. Finca Ln Angostura.
Savanna and gallery forest; alt. 300 m.; 72 20'W x 4 1F N.

1Z. El Valle, Carmelo; alt. 1,000 m.; 76023'W x 405'N.

14. El Valle, Dagua; alt. 700-900 m.; 76040'W x 30 43'N.



Table 28 (continued)

15. Restrepo.
Foothills; alt. 500 m.; 73°331W x 4°ll'N.

16. Finca Delicias.
Savanna and gallery forest; alt. 300 m., 720 06'W x 4020'N.

17. Fincas Sta. F6 and Sta. Isabel.
Savanna and gallery forest; alt. 300 m.; 72°00'W x 4 20'N.

18. Fincas Abelinera and La Union.
Savanna and gallery forest; alt. 300 m.; 72006'W x 40 15'N.

19. Fincas Balmoral, Algarrobos and El Carajo.
Savanna and gallery forest; alt. 370 m.; 72°15'W x 40481N.

20. Fincas Porsiacaso, Argelia and El Vergel. 0
Savanna and gallery forest; alt. 350 m.; 72°25'W x 5 20'N.

21. Corinto.
Mountainous; alt. 2,500 m.; 72046'W x 50 25'N.

22. Finca Las Delicias.
Savanna and gallery forest; alt. 620 m.; 73°55'W x 315'N.

23. Finea Los Tigres.
Foothills, alt. 480 n.; 73 SO'W x 3°01'N.

24. Granja Turipana del ICA. (Near Monteria. )0
Coastal plains, deforested; alt. 30 m.; 75 50'W x 8°531N.

25. Boca de Juriepe. (Near Puerto arreilo. )
Savanna and gallery forest; alt. 200 m.; 67°25'W x 6 10'N.

26. Baj6 del Avion.
Savanna and gallery forest; alt. 200 m.; 68 00'W x 6 13'N.

27. La Regadera (Usme.)
Mountainous; alt. 2,700 m.; 74 0o'W x 4 241N.

28. San Miguel (Sibat.) 0
Mountainous; alt. 2,700 m.; 74°lb'W x 4°281N.

29. Finca El Soche.
Mountainous, forested; alt. 2,700 m.; 740 21'W x 4C311N.

30 Fincas Mnserrate and Pto. Escondido.
Savanna ad gallery forest; alt. 200 m.; 67°50 ' W x 6°101W.

31. El Delir'i (Hoya del Rio San Cristoba ), bogotA.
Mountain, forested; alt. 2,900 m.; 74 3'W x 4 05'N.
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Table 34

Prevalence of Neutralizing Antibody (Plaque Riduction)
For VSV-NJ Virus In Domestic Animals

(Sites 3,5,19 and 23 combioed)

Age Equines Bovines Total

(Years) % * *

. L/4 25 12/24 50 13/28 46

1 2/7 29 9/19 47 11/26 42

2-3 13/41 1 32 6/27 22 19/68 28

4-5 12/28 43 14/26 54 26/54 48

6-7 17/SO 57 12/-6 46 29/56 52

8-9 A3/32 '1 6/18 33 19/50 38

A10 22/33 6 7 4/L6 25 26/49 53

jnknown 1/2 50 2/9 22 3/11 27

TOTAL 81/177 46 65/165 39 146/342 43

.Nop. iltive"o. tested

i



t

Table 35

Prevalence of Neutralizing Antibody (PIaque Reduction)
for VSV-Ind Virus in Domestic Animals

(Sites 3,5,19 and 23 combined)

- T

Age Equine Bovines Total

(years) 0

< 1 1/4 25 2/24 8 3/28 11

1 0/7 0 4/19 21 4/26 15

2-3 4/41 i0 3!27 11 7/68 10

4-5 5/28 18 4/26 15 9/54 17

6-7 14/30 4. 4/26 15 18/56 32

8-9 10/32 31 1/IS 6 11/50 22

1 10 18/33 65 3/16 19 21/49 43

Unknown 1/2 50 1/9 11 2/1 18

TOTAL 53/177 30 22/165 13 75/342 22

No. positive/No. tested



Table 36

Prevalence of Neutralizing Antibody (Plaque Reduction)
for Cocal Virus in Domestic Animals

(Sites 3,5,19 and 23 cowlined)

Age Equines Bovines Total

(Years) , , ,

< 1 0/4 0 0/24 0 0/28 0

1 0/7 0 0/19 0' 0/26 0

2-3 C/41 0 2/27 7 2/68 3

4-S 1/28 4 1/26 4 2/54 4

6-7 4/30 13 2/26 8 6/56 11

8-9 2/32 6 i/18 6 3/50 6

10 3/33 9 2/16 13 5i49 10

Unknown 0/ 2  0 0/9 0 0/1i 0

TOTAL 10/177 8/165 5 18/342 5

* No. positive/No. tested
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